Abstract. This paper aimed to establish the model of detecting straw composition rapidly based on OSC (Orthogonal Signal Correction) straw pretreatment. The study select soybean straw as research subjects, building predictive models for its main ingredient, namely, cellulose. Compared to the traditional denoising method respectively, calibration set model processed by the second derivative + smoothing and OSC has significantly higher determination coefficients. Applying OSC-PLS compared to the second derivative-smoothing denoising resulted in removal of non-correlated variation in spectra and improved interpretative ability of variation. Meanwhile, analysis and convergence velocity has improved significantly.
Introduction
Straw, as a renewable and recyclable energy, are widely used in the manufacture of biofuels and ethanol alcohol industry. [3] Straw composition and proportion will affect yield and quality of biofuels directly. But in day-to-day production, the existing methods are based on chemical determination aimed at its main components cellulose, hemicellulose and lignin, which is subject to testing costs and cycles and other factors so that it is difficult to complete the accurate determination of straw components. Over the last few years, Near-infrared spectroscopy analysis has attracted much attention for its high speed and efficiency, low cost, easy on-line analysis and other advantages. But the near-infrared spectral region contains a large number of sample information and spectrum bandwidth overlaps seriously, which have certain impact on the qualitative analysis. Hence, enhancing the signal specificity is crucial in terms of how to effectively place the environment and instrument noise and eliminate random errors. In this paper, using soybean straw as the research object, cellulose, the main component of soybean straw, is applied to quantitative analysis combined with orthogonal signal correction and partial least squares modeling. A variety of de-noising method are compared to choose the optimal method including SG smoothing (Savitzky-Golay), SNV (Standard Normal Variate), derivative processing (1st derivative; 2nd derivative), normalization, orthogonal signal correction (OSC).
Material and Methods

Theory
Orthogonal signal correction is a pretreatment method first proposed by Svante. Fundamental principle is that before establishing a quantitative calibration model, the spectral matrix and chemical values are arranged to orthogonal array, filtering unrelated signals for multivariate calibration. OSC specific method is as follows: （1） The original spectral matrix X and density matrix Y are standarded.
（2） t which is orthogonal to Y is assigned. （8） Taking E as a new X, new principal component which is orthogonal to X is calculated until it gets the optimal value. In general, two orthogonal principal components can obtain good precision. （9） X which is corrected by orthogonal signal is used to be a new spectrum matrix, modeling. （10） After corrected by orthogonal signal, unknown samples are predicted.
Residual vector e is obtained. 
Sample collection and preparation
In this paper, a total of 159 soybean straw were sampled in the northeast of China in Heilongjiang province of the soybean planting area. Prior to NIRS scanning of fresh samples, straw samples were dried for 48 hours in the air condition to determine the dry matter content. All soybean straw samples were milled about 1min in high-speed grinder to get all the same. The crushed samples are enclosed into ziplock bag to keep as backup. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were analyzed following the method of Van Soest. The amount, minimum, maximum value and standard deviation (SD) of the chemical parameters are summarized in Table 1 . 
Spectral acquisition
In the experiment spectra of soybean straw samples were scanned two times by Thermo's Antaris II over the wavelength range 830nm to 2500nm (12000cm-1 ~ 4000cm-1) that resolution is 8cm-1 and the number of scans is set at 32 times. Then, the average spectrum was recorded. Proper amount of the samples are packed in rotating sample cup. Its spectral image was shown in Figure 1 . 
Results and Discussion
Orthogonal signal correction
Orthogonal signal correction method is mainly used to filter out the near-infrared spectrum matrix system noise (such as baseline drift, light scattering, etc.). The basic idea of this method is to filter the raw spectral matrix X and Y portion of the signal under test quality irrelevant. The data analyzing were implemented in UnscramblerV9.5 and matlab7.0. Also, the study is conducted feasibly for the PLS models with different OSC factors. Using OSC pretreated the original spectra of soybean straw. Figure 2 shows the calibration model using different correction factor. It can be seen from the figure that after pretreatment, RMSECV is the lowest when PLS factor is 2. RMSEV increases significantly with the increasing number of factors of PLS while it maximizes in the OSC factor of 10. The whole process keeps volatile and unstable. Compared to several other de-noising method, OSC did not increase the accuracy of the model significantly, but fit was greatly accelerated the speed of the models.
Fig. 2. PLS factors using OSC pretreatment
Analyzing various methods of de-noising, we find that second derivative + smoothing and OSC obtain optimal correction results. Denoising smoothing is apt to lose useful spectra information due to different smoothing window size, so it spends plenty of time on window selection. Normalization eliminates optical path, sample dilution and other changes. Because it does not change fundamentally, it has little effect on the de-noising results. SNV and MSC are mainly applied to erase scattering and improve the spectrum, but particle size and uniform distribution of solid powder generates significant interference on spectral information. The shift of wavelength-independent can be removed by first derivative, while the second derivative can be removed with a wavelength-dependent drift. However, high-frequency noise will be amplified when the second derivative eliminate the low-frequency baseline at the same time. So it is often smoothed before using it. From the results, it can be seen that results of model validation have improved significantly after the second derivative smoothing. 
Conclusions
The study discusses denoising approach to the cellulose of soybean straw in different way. The spectra were pretreated with the method of S-G smoothing, 1st derivative, 2nd derivative, orthogonal signal correction, normalization, SNV as well as MSC.
Comparisons are made among different methods. Statistical analysis showed that RMSEC had 0.8356439 for smoothing, 0.7024261 for 1st derivative, 0.9394095 for 2nd derivative, 0.6762902 for 2nd +Smoothing, 0.839797 for Normalization, 0.8579724 for SNV, 0.7757527 for MSC and 0.6696454 for OSC. It turns out that using orthogonal signal correction is feasible to correct reasonably filtering out independent signal in the spectral density matrix and the matrix. This way is valid for reducing the number of model factors, which decreases model complexity and enhance robustness of model. It has a significant role in detecting the composition of the straw finely and guiding the manufacturing process of biomass in future.
